The electromagnetic behaviour of thin-wire objects is an important engineering problem. A general analysis of such objects is done according to the moment method approach within an antenna-based electromagnetic model. This paper concerns possible extraction of parameters that would enable determination of an equivalent circuit model of such wire-structure objects. As an example, the authors focused on the electromagnetic behaviour of high frequency power converters and grounding conductors.
Introduction
Analysis of grounding systems at high frequencies is very important in EMC studies related to lightning. On the other hand, with the ever-increasing switching frequency power converters are also the subject of EMC/EMI analysis as sources of radiation emission in the surroundings. In both cases, in order to predict the transient behaviour, these objects are considered as thin-wire conductors, which are treated at high frequencies by electromagnetic models based on the antenna theory.
In this paper, the authors are interested in the possibility of extracting the parameters of equivalent circuit models of such wire-objects. More specifically, our analysis is related to transient analysis of:
1. Rectangular loop model of power converter; 2. Vertical grounding rod. In both cases, the analysis is first performed in the frequency domain using developed electromagnetic antenna-based numerical models. In the second step, after transformation of the functions of interest to the time domain, the objective is to extract the poles and residues of functions using the 'matrix pencil' method.
Using these parameters, it may be possible to later determine the equivalent circuit models. This analysis also enables observation of the influence of the wire-object's geometry on their transient behaviour that cannot be analyzed using circuit theory approaches.
Electromagnetic Analysis of Wire Objects at High Frequencies

Electromagnetic analysis of the converter circuit
The power converter circuit's construction is based on several elementary cells of commutation that may be represented by Fig. 1 . The PCB trace printed over a dielectric layer circuit behaves like a transmitting antenna that radiates directly into the immediate surroundings. The geometry of such a converter circuit is considered to be a rectangular loop having length L and width W. PCB traces are modeled using the thin-wire approximation. Here, V S is the source voltage and R L represents the load. It is assumed that the switch is in position 1, so that the influence of PCB without supply is not taken into account.
Fig. 1 -Rectangular circuit loop model of the power converter.
In our analysis, the switch and the DC source together are replaced by an equivalent voltage source of 1V step function with a rise time of the order of ns, which is placed on the position of the switch, ( ) S v t as shown on Fig. 2 .
Our mathematical model for electromagnetic analysis of the power converter circuit given on Fig. 2 is based on rigorous formulations derived from the full set of Maxwell's equations, based on the theoretical background of microstrip antenna analysis. The model is developed in the frequency domain and takes into account all electromagnetic effects related to the geometry of the Equivalent Circuit Model of Electromagnetic Behaviour of Wire Objects... converter circuit and the influence of the dielectric board interfaces. More details about the mathematical model and the numerical results are given in [2] .
In this paper the authors are more focused on the analysis of transient responses of the converter circuit when excited by voltage source excitation of the 1V step function with a high rise time of 1ns. Our objective was to investigate the influence of the circuit layout on the transient behaviour of the system. These computations were carried in the frequency domain in conjunction with the inverse Fourier transform method.
Firstly, using the developed electromagnetic model we obtained the transfer function of the converter's rectangular loop-circuit ( ) ( )/ To cover the above mentioned high frequency range, it is assumed that the frequency of the voltage harmonic is in range from 10MHz to 2GHz. Three loop geometries are considered: (a) square loop (10×10cm), (b) rectangle loop (4×16cm) and (c) rectangle loop (16×4cm), as shown on Fig. 3 . The length of the leads (perimeter of the circuit) is fixed to 40cm, while the equivalent thinwire radius of the lead is 0.5mm. The dielectric board is defined by relative permittivity 4.7 and board thickness of 2.5mm. Two distinct positions of the equivalent source are assumed in the analysis: Case 1 -opposite to the load, Case 2 -in the middle of length L, as shown on Fig. 4 . Afterwards, using the 'matrix pencil' method [3] we determined their approximate representations: 
and two sub-matrices
It is shown in [3] 
Numerical Results
Converter circuit
Figs. 6a and 6b, shows the transfer function ( ) H f in the frequency range from 10MHz to 2GHz obtained for all three geometries with respect to the position of the source: 1 and 2 (opposite to the load and in the middle of length L, as given on Fig. 4) . The curves in red, green and blue correspond to the three circuit-loop geometries considered: (a) rectangle loop (4×16cm); (b) square loop (10×10cm), and (c) rectangle loop (16×4cm). Figs. 7a and 7b, gives a visual presentation of the results obtained using the pencil method.
Comparing Figs. 6 and 7 it may be observed that imaginary values of i z in GHz (on the ordinate) correspond to pick frequencies of ( ) H f . Respectively, real values of i z (on the abscissa) correspond to the damping factors. It is shown that not only the geometry of the circuit but also the position of the source (switch with respect to the load) influence the transient behaviour of the converter circuit. 
Grounding rod
Conclusion
In this paper, we have applied the 'matrix pencil' method to determine the poles of specific frequency-domain functions that represent the transient behaviour of two distinct thin-wire objects. The results obtained in this way were compared with those obtained in the frequency domain using a complete electromagnetic approach. The main objective of this work was to present the possibility of parameter extraction that would enable determination of an equivalent circuit model of such wire-structure objects.
